Background: White blood cell count is an independent risk factor for cardiovascular disease. Several lifestyle and metabolic factors such as cigarette smoking and obesity are known to be associated with an elevated white blood cell count. However, the joint effect of cigarette smoking and obesity on white blood cell count has not yet been fully described. Methods: We explored the joint effect of cigarette smoking and obesity on white blood cell count using multiple logistic regression analyses after adjusting for confounding variables in a population-based, cross-sectional study of 416,065 Korean adults. Results: Cigarette smoking and body mass index have a dose-response relationship with a higher white blood cell count, but no synergistic interaction is observed between them (men, P for interaction=0.797; women, P for interaction=0.311). Cigarette smoking and body mass index might have an additive combination effect on high white blood cell count. Obese male smokers were 2.36 times more likely and obese female smokers 2.35 times more likely to have a high white blood cell count when compared with normal body mass index non-smokers. Conclusion: Cigarette smoking and body mass index are independently associated with an elevated white blood cell count in both men and women.
The WBC count, widely evaluated in standard clinical practice, is a nonspecific marker of inflammation and may play an important role in the pathogenesis of arterial injury and the atherosclerotic process. 1) Numerous studies in recent decades have revealed that lifestyle and metabolic risk factors are related to an elevated WBC count. For example, it has been demonstrated that current smokers have higher WBC counts than people who have never smoked. 3, 4) In addition, alcohol intake, 5) physical inactivity, 6) body mass index (BMI), 7) hypertension, 8) type 2 diabetes, 9) and dyslipidemia 10) have been shown to be associated with an elevated WBC count.
The independent effects of lifestyle and metabolic factors on WBC count have been reported in numerous epidemiological studies. 
MetHoDs

study Population
The Korean Cancer Prevention Study (KCPS) is a prospective cohort study designed to assess cancer risk factors by examining disease incidence, mortality, and hospital admissions. The KCPS cohort is primar- 
Data Collection
Medical examinations were performed according to a standardized procedure and were conducted by medical staff at local hospitals. In . Participants were also asked to report if they exercised regularly. WBC counts were quantified using automated blood cell counters (Beckman Coulter, Fullerton, CA, USA) in hospital laboratories. Fasting serum glucose and total cholesterol levels were analyzed using enzymatic methods with an automatic chemistry analyzer (Hitachi 7600-110; Hitachi, Tokyo, Japan). Impaired fasting glucose was defined as ≥100 fasting plasma glucose level <126 mg/dL. Diabetes was defined from self-reported history or when the fasting serum glucose level was ≥126 mg/dL. Pre-hypertension was defined as a systolic pressure of 120-139 mm Hg or a diastolic pressure of 80-89 mm
Hg. Hypertension was defined from self-reported history or when systolic blood pressure was ≥140 mm Hg or diastolic blood pressure was ≥90 mm Hg. Hypercholesterolemia was defined when the fasting serum cholesterol level was ≥200 mg/dL. Because the study involved routinely collected medical data, it was not necessary to obtain indi-vidual participant consent.
statistical Analysis
All statistical analyses were conducted in a gender-specific manner. Both cigarette smoking and alcohol use were substantially more common in men than in women. Systolic blood pressure and levels of fasting serum glucose and total cholesterol were also higher in men than in women. according to BMI categories and smoking history. The mean WBC count was higher in ever-smokers among both men and women.
Moreover, the mean WBC counts gradually increased with increasing BMI levels irrespective of smoking status in both men and women (all P for trends <0.001). Table 2 shows the effects of lifestyle risks (smoking exposure, alcohol intake, and lack of regular exercise) and metabolic risks (high BMI, fasting serum glucose levels, blood pressure, and total cholesterol levels) on high WBC count. The findings show that smoking exposure had a strong, positive, dose-response tendency in men and women.
Men and women who smoked 20 or more cigarettes per day were 2.34 times and 2.20 times more likely to have a high WBC count compared with non-smokers, respectively. Regular exercise had an inverse association with a high WBC count in both men and women, whereas light alcohol consumption (<15 g/d) had an inconsistent association with WBC count among both men and women. All four metabolic risks included in our analyses were also significantly associated with a high WBC count. The relative risks for high WBC count increased progressively with increasing BMI levels in both men and women. The association between high serum glucose levels and high WBC count was also significant in men and women. In addition, individuals with hy- Men who never smoked Men who ever smoked Women who never smoked Women who ever smoked pertension and pre-hypertension had significant associations with a high WBC count among both men and women. Moreover, the association between a high serum cholesterol level and high WBC count was also significant in both men and women.
We explored patterns of the joint effect of cigarette smoking and BMI on WBC count. Table 3 shows the OR estimates for the strata as defined by nine pairs of three categories of smoking status and three categories of BMI. The highest OR for a high WBC count was observed among current smokers who had a BMI ≥25.0 kg/m 2 . Obese male smokers were 2.36 times more likely and obese female smokers were 2.35 times more likely to have a high WBC count when compared with non-smokers with a normal BMI. Therefore, cigarette smoking and BMI seem to have an additive combined effect on high WBC count but no synergistic interaction (men, P for interaction=0.797; women, P for interaction=0.311). OR, odds ratio; WBC, white blood cell; CI, confidence interval; NE, not estimated due to the small number of subjects; BMI, body mass index; FSG, fasting serum glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure. *The proportion per 1,000 persons is given, standardized according to the age distribution of Korea's national population in 1995. † OR and 95% CIs from multiple logistic regression analysis after adjusting for age, smoking exposure, alcohol intake, BMI, fasting plasma glucose levels, blood pressure, and total cholesterol levels. ‡ The cutoff for high WBC count was determined as 7,500 cells/mm 3 , which corresponded to the 75th percentile. § Defined as ≥100 fasting plasma glucose level <126 mg/dL.
ΙΙ Defined as FSG level of at least 126 mg/dL or a history of the disorder. ¶ Defined as ≥120 SBP <140 mm Hg and/or ≥80 DBP <90 mm Hg. **Defined as SBP ≥140 mm Hg, DBP ≥90 mm Hg, or a history of the disorder.
DisCUssion
In this large, population-based cross-sectional study, cigarette smoking and BMI were found to be independently associated with WBC count with an additive combined effect. Among lifestyle factors, cigarette smoking had a prominent dose-response relationship with a high WBC count for both men and women. Our results also showed that the WBC count was high even in ex-smokers. This observed association is in agreement with most recent studies on this topic. Kawada 12) reported that the WBC count was higher in smokers and ex-smokers than in non-smokers, and elevated WBC counts were maintained for several years after cessation of smoking. The mechanism underlying the smoking-induced increase in WBC count remains unclear. Chronic smoking stimulates the airway tract and may increase the WBC count. 13) Light alcohol consumption (<15 g/d) decreased the OR for high WBC count in men, but not in women. Light alcohol consumption and casual drinking, but not binge or heavy alcohol consumption, has been reported to have significant beneficial effects on inflammatory markers. 5) However, because our study did not distinguish between normal causal and binge drinking patterns, the association between alcohol consumption and WBC counts should be interpreted cautiously. The OR for high WBC counts was also significantly decreased in both men and women who exercised regularly. Regular exercise has a beneficial and favorable impact on abdominal fat accumulation, blood pressure, insulin sensitivity, dyslipidemia, and inflammatory markers. 6, [14] [15] [16] [17] Since WBC count is strongly influenced by body fat, it may be equally plausible that lower WBC counts are an intermediate consequence of the effect of exercise on reduced body fat tissue.
Among metabolic factors, all four metabolic risks were found to be associated with high WBC counts among both men and women. The increase in WBC count according to BMI categories could also be explained by pro-inflammatory cytokines including interleukin-6 and tumor necrosis factor-a, which are expressed in adipose tissue and stimulate the WBC count. 18) Hypertension and pre-hypertension were found to be significantly associated with the WBC count in both men and women. Recent studies have shown that the WBC count is associated with hypertension and high normal blood pressure. 19, 20) Although, the role of WBCs in hypertension remains unclear, inflammation may contribute to increasing microvascular capillary resistance, reducing endothelial reactivity, and increasing catecholamine levels, which can increase blood pressure. [21] [22] [23] Obesity is a state in which there is an increased storage of fatty acids in the form of triglycerides in adipose tissue. 24) Continuous release of fatty acid from stored triglycerides causes dyslipidemia and drives gluconeogenesis in the liver. [25] [26] [27] Abdominal obesity, therefore, may be considered an important causal link between cardiovascular risk factors and high WBC count. In this regard, we explored the possible interactive effect of cigarette smoking as a representative of lifestyle factors and BMI as a representative of metabolic factors; however, we found that cigarette smoking and BMI were independently associated with WBC count, and no interaction was found between them in the current study. Therefore, cigarette smoking and BMI might have had an additive combined effect on high WBC count but no synergistic interaction.
Our study has several limitations. First, only one measurement of WBC count, from a baseline examination, was included in the analysis. Therefore, it was not possible to determine whether an acute, brief episode of inflammation or chronic inflammation was responsible for the correlation found in the current study. In addition, the effects of drugs such as aspirin or non-steroidal anti-inflammatory drugs, which can influence WBC count, were not fully adjusted for in the multiple logistic regression model. To minimize these errors, we excluded subjects with a WBC count exceeding 11,000 cells/mm 3 . However, it is important to note that although the WBC count varies daily, a single measurement has been shown to predict risk for death and specific diseases, including cancer and CVD. 28, 29) Further, random misclassification because of biological variability may result in the underestimation of true associations, but this limitation does not explain our results. Second, information on the measurement of abdominal adiposity, such as waist circumference, was not available; consequently, we BMI, body mass index; WBC, white blood cell; OR, odds ratio; CI, confidence interval. *The cutoff points of high WBC count were determined as 7,500 cells/mm 3 , which corresponded to the 75th percentile. † OR and 95% CI from multiple logistic regression analysis after adjusting for age, alcohol intake, regular exercise, fasting serum glucose, blood pressure, and total cholesterol.
